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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process for producing titanium oxide. Specifically, the present invention 
relates to a process for producing titanium oxide suitable for use for a photocatalyst. 

BACKGROUND OF THE INVENTION 

[0002] It has been investigated that malodorous substances in air are removed and that window glass and driveway 
walls are cleaned by a photocatalytic activity shown by titanium oxide. Recently, a decomposition and removal method 
using visible light as a light source has been drawing attention owing to the wide usability and the convenience and, 
therefore, titanium oxide exhibiting a high photocatalytic activity by irradiation of visible light has been developed. 
[0003] Although a variety of processes as a method for producing such a titanium oxide have been proposed, there 
are problems for the production such that a specific apparatus equipped with a vacuum container is required and that 
the obtained titanium oxide is insufficient in the photocatalytic activity. The above-described problems especially be- 
come obstacles when a titanium oxide having a small particle size is needed, for example, when the titanium oxide is 
used by being uniformly applied to automotive materials or construction materials such as window glass and driveway 
walls. 

SUMMARY AND OBJECTS OF THE IINVENTION 

[0004] One of the purposes In the present Invention is to provide a process for easily producing a titanium oxicis 
showing a high photocatalytic activity by visible light radiation without using a specific apparatus equipped with a vac- 
uum container. Preferably, the purpose of the present invention is to provide a process for easily producing a titanium 
oxide having a small particle size. 

[0005] Inventors of the present invention have investigated the process for producing titanium oxide and completed 
the present invention. 

[0006] That Is, the present invention provides a process for producing a titanium oxide which comprises the steps 
of (i) reacting a titanium compound with ammonia in an amount exceeding the stoichiometric amount necessary to 
convert the titanium compound to a titanium hydroxide or reacting a titanium compound with a base at pH of from about 
2 to about 7, to obtain a reaction product and (ii) calcining the obtained product. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] A titanium oxide in the present invention is produced by a process which comprises the steps of (i) reacting 
a titanium compound with ammonia in an amount exceeding the stoichiometric amount necessary to convert the tita- 
nium compound to a titanium hydroxide or reacting a titanium compound with a base at pH of from about 2 to about 
7, to obtain a reaction product and (ii) calcining the obtained product. 

[0008] A titanium compound to be used forthe present invention may be any titanium compound capable of producing 
a titanium hydroxide by reaction with a base and examples thereof are titanium trichloride (TiCI 3 ), titanium tetrachloride 
(TiCI 4 ), titanium sulfate [Ti(S0 4 ) 2 . mH 2 0, 0 < m < 20], titanium oxysulfate [TiOS0 4 . nH 2 0, 0 < n < 20], titanium 
oxychlorlde (TiOCI 2 ) and the like. Among them, titanium oxysulfate is preferably used. A tltanium.compound having a 
high purity is preferably used and a titanium compound having a purity of 99 % by weight or higher is more preferably 
used. By using a titanium compound with a high purity, a minute particulate titanium oxide exhibiting a high photocat- 
alytic activity may be obtained. The purity of the titanium compound may be measured by JIS K8401-1992 method in 
the case of titanium trichloride and by JIS K8460-1992 method In the case of titanium tetrachloride. In the case of 
titanium oxysulfate, the purity thereof may be calculated by measuring the contents of Ti0 2 and S0 3 as main compo- 
nents and the contents of Impurities such as Si0 2 , P 2 O s and Nb 2 0 5 to obtain the purity in accordance with the following 
equation: 

Purity (%) = [(A 1 + A 2 )/(A 1 + A 2 + A 3 + A 4 + A 5 + ».)] x 100, 

wherein A t and A 2 respectively represent the contents (% by weight) of Ti0 2 and S0 3 and A 3 , A 4 , A 5 , ... respectively 
represent the contents (% by weight) of impurities such as Si0 2 , P 2 0 5 and Nb 2 0 5 . 

[0009] One (the first production process) of the production processes in the present invention comprises a step of 
reacting a titanium compound with ammonia in an amount exceeding the stoichiometric amount necessary to convert 
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the titanium compound to a titanium hydroxide prior to the calcining step 
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[001 8] The total amount of a base to be used for the reaction at pH of from about 2 to about 7 and a base to be used 
for aging is preferably an amount exceeding the stoichiometric amount necessary to convert a titanium compound to 
a titanium hydroxide. Specifically, the total amount may be that of about 1.1 times by mole or more, preferably about 
1 .5 times by mole or more, and about 20 times by mole or less, preferably about 10 times by mole or less, as much 
as the stoichiometric amount. The larger the total amount of bases to be used is, the higher the photocatalytic activity 
of the finally obtained minute particulate titanium oxide tends to be. Nonetheless, when the amount exceeds a certain 
amount that extremely exceeds the stoichiometric amount, it may become difficult to obtain the photocatalytic. activity 
corresponding to the amount. 

[0019] The product obtained by reacting a titanium compound with ammonia in an amount exceeding the stoichio- 
metric amount, the product obtained by reacting a titanium compound with a base at pH of from about 2 to about 7, or 
the product obtained by aging each of the products may be obtained in a slurry of a reaction mixture. The slurry con- 
taining the product may be used for the calcining step as It Is or after the slurry is subjected to solid-liquid separation 
and the separated solid is washed if necessary. The separation may be carried out by pressure filtration, vacuumfii- 
tration, centrifugal separation, decantation or the like. Alternatively, the separation may be carried out by heating the 
slurry with a pneumatic conveying drying to evaporate the liquid therein. 

[0020] The obtained slurry or the product recovered from the slurry by separation operation is then calcined. The 
calcination may be carried out at about 300°C or higher, preferably at about 350°C or higher, and may be carried out 
at about 600°C or lower, preferably at about 500°C or lower. When the calcining temperature Is too high, the photo- 
catalytic activity of the resulting titanium oxide may decrease. The calcination may be carried out in a pneumatic con- 
veying furnace, a tunnel furnace, a rotary furnace or the like. 

[0021] The titanium oxide obtained by the process of the present Invention may have an anatase-type crystal struc- 
ture. The titanium oxide exhibits a photocatalytic activity by radiation of ultraviolet light and/or visible light. The titanium 
oxide exhibiting an especially high photocatalytic activity by visible light radiation may be a titanium oxide which is 
obtained by a process comprising the steps of (I) reacting a titanium compound with ammonia In an amount exceeding 
the stoichiometric amount or reacting a titanium compound with a base at pH of from about 2 to about 7, to obtain a 
reaction product, (i)' adding an additional base to the product to conduct aging and (li) calcining the product. The 
obtained titanium oxide may be used for a variety of applications such as for decomposing NO x In atmospheric air, for 
decomposing and removing malodorous substances and mold or for decomposing and removing an organic solvent 
in water, as it is or after a molding processing. In addition, the titanium oxide obtained after calcining the reaction 
product by reacting titanium oxide with a bafe at pH of about 2 to about 7 may be minute particles having an average 
particle size of about 20 p.m or smaller and- may be suitably utilized as a raw material for a coating material that is 
uniformly applied onto a substrate. 

[0022] As described above, titanium oxide having a high photocatalytic activity can be easily obtained by the pro- 
duction process of the present Invention. A minute particulate titanium oxide with the average particle size of about 20 
|im or smaller and showing a photocatalytic activity can be also easily obtained. Further, by combining the aging step, 
a minute particulate titanium oxide having a more excellent in photocatalytic activity by the radiation of the visible light 
can easily be obtained. 

[0023] The process for producing titanium oxide of the present invention is described In Japanese application nos. 
2000-230779, filed on July 31 , 2000 and 2000-388333, filed on December 21 , 2000, the complete disclosures of which 
are incorporated herein by reference. 

Examples 

[0024] The present invention is described in more detail by following Examples, which should not be construed as 
a limitation upon the scope of the present invention. The measurements of an average particle size and a crystal 
structure of a titanium oxide and the evaluation of the catalytic activity thereof were carried out by the following methods. 

Average particle size (nm): 

[0025] A titanium oxide to be measured was dispersed in an aqueous sodium hexametaphosphate solution (0.2 % 
by weight, produced by Wako Pure Chemical Industries, Ltd.), and then a 50 vol.% diameter of the titanium oxide was 
measured in the solution using a particle size distribution measuring apparatus (trade name: MICROTRAC HRA model 
9320-X100, produced by Nikklso Co., Ltd.). The obtained 50 vol.% diameter was referred to as an average particle 
size of the titanium oxide. 

Crystal structure: 



[0026] A crystal structure of titanium oxide was obtained using an X-ray diffraction meter (trade name: RAD-IIA, 
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produced by Rigaku Denki Co., Ltd.). 
Evaluation of catalytic activity: 

slnL!!!l*T d 'T t 6 iT reaCti °" VeS86 ' (diameter: 8 cm - hei 9 ht: 10 cm - vo '"me: about 0.5 L), was placed a 
"'Zol^l^oTJ" T Wh , iCh °' 39 ; f SamP ' e titaniUm ° Xide " ThS reaction vessel was filled a mbcSgJ 
and men liadTat2 ^STrJT^ °' ? M P * ° Xy9en j nitrogen = 1 :4 >« sea,ed wlth 1 »-« ^ <* acetaldehyde 
tarnn » ^ ^! ! * " 9ht ,r0m ° UtS ' de ° f the vesseL The '^diation was carried out using a 500 W xenon 

eZnad w^f S0Urce < mada b V "SHIO INC.. trade name; Optical Modulex SX-UI500XQ. lamp; UXL 500SX) 
S2?£ Ltd ITZVyZ 9 T ( T ! bV ASahi Techn °- Glass <*■■ "d.. of which former name is Toshiba 
^^'|?J1!S?5 f aVi0l6t " 9ht haVi " 9 3 wavelen 9 th ° f ab °"t 430nm or shorter and an 
of about 830nm !r ^ ^ ^ name: SuperCOld Filter > cuttin 9 off infrared "9* having a wavelength 

du^^L nh T ♦ °T 60 acetaldeh y de is decomposed by visible light irradiation, carbon dioxide is generated 

Isaoe o? ZZ£S!S^ th r ^7™ ^ Carbon dioxide concentration was measured witS 

passage of time using aphotoacoust.cmulti-gas monitor (type; 1312. made by INNOVA) Usina the chanae of carbon 

T^^T^V^ 9 h e " erati ° n ratS ° f Carb ° n di0Xide Was ca,culatad to evaluate a fSSSSSSS^ 
!hTt!t™ "™ ~ ° f ^ di °* ida -ea.s a higfer photocLiytic acLty * 

*° Example 1 

S. C i| t0 r " L IS? '/ WaS H P ° Q T d 40 9 ° f Water Th6n ' 609 of a hvdrated t^nium oxysulfate (produced by SOEKAWA 
t™t n nw k ' Ltd ; (pUnty: "- 93% ' Si °2""tent; 0.011% by weight. P 2 O s content; 0.034%by weight -on 
tent:0.03% by we.ght) was added thereto while stirring and dissolved therein The resulting solution^wL concen ra°ed 

1 trL r«f r) (SPeCia ' 9radB - pr ° dUCed by Wako Pure Chemical lnd ustries . Ltd.) was diluted wtthTsO q 

of water to prepare 15% ammonia solution. The 15% ammonia solution was cooled in a cooling tank a 30-C and then 

a l^T. tltan ' Um °T U ' fate WSS add6d thSret0 WhMe Stirri "9 at 400 'Pm and mixed to cause a reactt, n an obtain 
30 IZtSLSS? ^ , r m ° nia Utl " Zed 31 that time was eauiva,ent to »"* of 8 times by mole as much as the 
f'7 tnc amo " nt °! the ammonia n a ^ssary to convert the titanium oxysulfate to a titanL hydroxSeTThe ob 

A^er'ha TJctllT ^Tf ^ Snd the ° btained titanium hydr °* ida ™ hashed anl dried. 

B^^iSSSl^'T*^ T , Ca,dned f ° r 1 h ° Ur 8ir St 40 °° C t0 0btain a P articulate titanium oxide. 

r 2! J k 3 * ?, Ct,V,ty ° f thS ° bta ' ned titanium oxide for acetaldehyde was measured. As a result a gen- 
eration rate of carbon dioxide per 1 g of titanium oxide was 1 89.9 nmo!/h. 



Example 2 

EVsOE^ W3ter Th6n ' 609 ° f the 8ame grade of hydrated titanium oxysulfate (pro- 

<o there?n%ff r!^n C ^ E t M,CAL Co - Ltd > as utili2ed j n Example 1 was added thereto while stirring and dissolved 
oxtril , , 9 " WaS concentrated b V amoving water with an evaporator at 70-C to obtain a titanium 
oxysulfate In a cool.ng tank at -30«C. 68 g of 25% ammonia solution (special grade, produced by Wako Pure Chemical 

mrxedTcause T* T ^ a ™ U ™ ° XySU,,ate was added thereto whi ' a l^Too^Z 

2 Z« bv Z reaction and obtain a slurry. (The amount of ammonia utilized at that time was equivalent to that of 

- to a Sn'um hvdroxTde^Th, St ° iCh H i0 : e,ric amount of the ammonia necessary to convert the Senium oxysuifate 

tooLtain a p^^"^ ' ^ ^ Me * ^ 1 h ° Ur in air at 400 ° C 

e°rauon rate XT^Tl**"'^ ° f ° btain6d tit3niUm ° Xide f0r ^aldehyde was measured. As a result, a gen- 
^ eration rate of carbon dioxide per 1g of titanium oxide was 93.88 p.mol/h. 

Example 3 
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! 0 to 3 oL o l 6 !n a O l Water ' T diSSO ' Ved 1 02 9 ° f thS S3me grade of h V drate d titanium oxysulfate as utilized in Example 
1 to prepare an aqueous titanium oxysulfate solution having pH of about 1 P 

t?tne 1 D H^rol he , a 7 i ; nt 1 0f 3 °l° "u ^ " 1 SqUiPPed With 3 pH 6,eCtr0de and a P H co "troller connected 
graSe p"oduTed bv Wato P , ^TT" by SUPP ' yin9 25% by Weight of am ™"' a a °'"«on (special 

fZ^ZTTt I , Chem,Ca ' lndustries - Ltd >' The pH of the pH controller was set to be 4 and the pH of 
the water in the flask was adjusted to the set P H value. With stirring at 400 rpm. 1 70 g of the aqueous titanium oxysulfate 
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solution prepared In the above-described manner was added at 5 ml/min to the flask and reacted with ammonia solution 
supplied to the flask, while the pH of the resulting slurry provided by the reaction therein being controlled by the pH 
controller. The amount of 58 g of the 25 wt.% ammonia solution was supplied to the flask until the aqueous titanium 
oxysulfate solution was completely added. For a period of 1 minute after adding the aqueous titanium oxysulfate so- 
lution, the pH of the slurry in the flask was in the range of from 3.6 to 4.6. From 5 minutes after the starting of the 
addition to the finishing thereof, the pH of the slurry was pH 3.9 to 4.0. The temperature of the slurry was 24°C at the 
time of starting the addition of the aqueous titanium oxysulfate and 40°C at the time of finishing the addition. 
[0034] The slurry obtained above was kept for 1 hour while stirring and then 56g of ammonia solution (25% by weight, 
produced by Wako Pure Chemical Industries, Ltd.) was added thereto. The slurry was kept for another 1 hour while 
10 stirring to conduct aging of the reaction product contained In the slurry. While aging, the temperature of the slurry was 
constant at 30°C. (The total amount of ammonia in the ammonia solution supplied to the flask was 114g, which was 
equivalent to that of 2 times by mole as much as the stoichiometric amount necessary to convert the titanium oxysulfate 
to the titanium hydroxide.) 

[0035] The slurry containing the reaction product obtained after aging was filtered, washed and dried. After that, the 
is dried product was calcined for 1 hour in air at 400°C to obtain a particulate titanium oxide. The titanium oxide had an 
average particle size of 3.5 \xm and anatase-type crystal structure. 

[0036] The photocatalytic activity of the obtained titanium oxide for acetaldehyde was measured. As a result, a gen- 
eration rate of carbon dioxide per 1 g of titanium oxide was 20.93 ^unol/h. 

?o Example 4 

[0037] In 408 g of water, was dissolved 1 02 g of the same grade of hydrated titanium oxysulfate as utilized in Example 
1 to prepare an aqueous titanium oxysulfate solution having pH of about 1 . 

[0038] Water in the amount of 300 g was put in a 1 -L flask equipped with a pH electrode and a pH controller connected 
25 to the pH electrode so as to keep the pH therein constant by supplying 25% by weight of ammonia solution (special 
grade, produced by Wako Pure Chemical Industries, Ltd.). The pH of the pH controller was set to be 4 and the pH of 
the water in the flask was adjusted to the set pH value. With stirring at 400 rpm, 51 0 g of the aqueous titanium oxysulfate 
solution prepared in the above-described manner was added at 5 ml/min to the flask and reacted with ammonia solution 
supplied to the flask, while the pH of the resulting slurry provided by the reaction therein being controlled by the pH 
30 controller. The amount of 58 g of the 25 wt.% ammonia solution was supplied to the flask until the aqueous titanium 
oxysulfate solution was completely added. (The amount of ammonia in the 58g ammonia solution was equivalent to 1 
time by mole as much as the stoichiometric amount necessary to convert the titanium oxysulfate to a titanium hydrox- 
ide.) For a period of 1 minute after adding the aqueous titanium oxysulfate solution, the pH of the slurry In the flask 
was in the range of from 2.7 to 6.4. From 20 minutes after the starting of the addition to the finishing thereof, the pH 
35 of the slurry was pH 3.9 to 4. 1 . The temperature of the slurry was 24°C at the time of starting the addition of the aqueous 
titanium oxysulfate and 33°C at the time of finishing the addition. 

[0039] The slurry containing the product provided by the above reaction was filtered, washed and dried. After that, 
the dried product was calcined for 1 hour In air at 400°C, washed again and dried to obtain a particulate titanium oxide! 
The titanium oxide had an average particle size of 3.5 \xm and anatase-type crystal structure, 

[0040] The photocatalytic activity of the obtained titanium oxide for acetaldehyde was measured. As a result, a gen- 
eration rate of carbon dioxide per 1 g of titanium oxide was 2.76 ^imol/h. 

Comparative Example 1 

[0041] In 408 g of water in a 1 -L flask, was dissolved 1 02 g of the same grade of hydrated titanium oxysulfate as 
utilized in Example 1 to prepare an aqueous titanium oxysulfate solution. With stirring at 400 rpm, 58 g of an ammonia 
solution (25% by weight, produced by Wako Pure Chemical Industries, Ltd.) was supplied thereto at 5 ml/min and 
reacted with the aqueous titanium oxysulfate solution. (The amount of ammonia in the 58g ammonia solution w*s 
equivalent to 1 time by mole as much as the stoichiometric amount necessary to convert the titanium oxysulfate to a 
titanium hydroxide.) For a period of 1 minute after adding the ammonia solution, the pH of the resulting slurry in the 
flask was 0.7. At the finishing of the addition of the ammonia solution, the pH of the slurry was 4.0. The temperature 
of the slurry was 62°C at the time of starting the addition of the ammonia solution and then 65°C at the time of finishing 
the addition. 

[0042] The slurry was filtered, washed and dried. After that, the dried product was calcined for 1 hour in air at 400°C 
to obtain a particulate titanium oxide. The titanium oxide had an average particle size of 41.8 pm. 
[0043] The photocatalytic activity of the obtained titanium oxide for acetaldehyde was measured. As a result, a gen- 
eration rate of carbon dioxide per 1 g of titanium oxide was 0 ^mol/h. 
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A process for producing a titanium oxide which comprises the steps of (i) reacting a titanium compou nd with , 
ZTrnviH ^ am ° U ? t eXCeedin . 9 the sto i c h»ometric amount necessary to convert the titanium compound to a titanium 
hydroxide or reacting a titanium compound with a base at a pH of from about 2 to about 7 to obtain a reaction 
product and (ii) calcining the obtained product. n 

a t CC t ° h rdln 9 t0 c, f m 1 ■ which ^her comprises a step of adding a base to the reaction product to conduct 
aging pnor to the calcination step. K 

uZT^lTT^ t0 daim 2 ' Wh9reln the t0ta ' am0Unt 0f base and/or ammonia used the reaction and base 
^tten^ eXCeedlf19 St0ichlometric amoun t necessary to convert the titanium compound to 

A process according to claim 2 or 3, wherein ammonia is used for both the reaction and the aging. 

t0 ° f ° ,a,mS 1 t0 4i Wh9reln reaC "° n lR St6P (l) jS Cam ' ed ° Ut at 8 temperature of 
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